Abstract. Based on a tuning fork sensor, a multi-parameter online monitoring system for oil was constructed. The influence factors on the dielectric constant, viscosity and density of hydraulic oil were studied. The experimental results show that the variation of dielectric constant, viscosity and density is directly related to the temperature, and that these parameters can reflect the changes of the moisture content and acid value in the hydraulic oil. Thus, the multi-parameters of dielectric constant, viscosity and density can be applied to assess the quality of hydraulic oil and realize it's on line monitoring.
Introduction
The hydraulic oil applied in the coal mine is easily polluted by the dust, which deteriorates the oil emulsification and decrease its viscosity [1] . The spoiled hydraulic oil may damage mechanical parts and even results in the failure of entire system. When the coal dust blocks the hydraulic valve spool and the damping hole in the hydraulic system, the sports vice may be damaged [2] . Therefore, monitoring the quality of hydraulic oil is still an important project. At present, the hydraulic oil are normally monitored through a single oil parameter, such as the dielectric constant or water content, which lack a comprehensive evaluation about the oil [3] .
In this paper, a FPS2800B12C4 sensor is chosen to construct a multi-parameters collecting system. The works of this sensor is based on the quartz tuning fork through the variation of resonant frequency of the quartz crystal in the liquid medium to detect characteristic parameters [4, 5] .During studying multi-parameters online monitoring system, it is very important to certain the relationship between these parameters through a lot of experiments. Otherwise, according to the China standard of hydraulic oil detection which is shown in Table 1 , the change rate of kinematic viscosity at 40 , water content and acid value are two of the main evaluation indicators of hydraulic oil. This paper will concern the effects of temperature, water content and acidity value on the dielectric constant, viscosity and density of oil. Fig.1 .A beaker filled with the oil samples was placed into a water bath with a selected constant temperature, and same time recording the variation of parameters through the monitoring system software. 
Test Results and Discussion
The variation of dielectric constant, viscosity and density with the temperature are shown in Fig. 2 , in which the data dots were detected every 2min in the temperature range from 30 to 70℃and thier fitting curves were simulated. The influences of water content on the parameters of dielectric constant, viscosity and density in the oil samples were respectively detected at the temperature of 35 ℃ and 40 ℃. Thier data dots and fitting curves through the cubic polynomial formula are shown in Fig. 3 . In the similar test method, the effect of acid values on the dielectric constant and viscosity was tested, which results are shown in Fig. 4 . It can be seen from Fig. 2a that the dielectric constant decreases with the increasing of temperature, which is due to the increases of oil intermolecular distance. The viscosity of liquid is caused by the intermolecular cohesion, which is decreased with the increasing of temperature, resulting in reduced viscosity shown in figure. 2b [7] . The density of hydraulic oil exhibits first increase and then decrease with the increasing of temperature, which is illustrated in Fig.2c . In generally, the temperature has little influence on its density, owing tosmaller expansion coefficient of the hydraulic oil. Considering the effect of temperature on the physicochemical indicators of hydraulic oil, the temperature compensation should be taken in the actual on-line monitoring. The moisture content in the new hydraulic oil is generally less than 0.01%. When the moisture content exceeds 0.1%, the oil will be emulsified and accelerates the oxidation [8] . The effects of water content on the dielectric constant, viscosity and density of the oil are shown in Fig.3 . Moisture in the oil will produce H+ and OH-, so that the oil dielectric constant increases. Therefore, the water entering the oil will lead to an obvious increase of dielectric constant, which can be directly observed from Fig.3a . When the water content exceeds0.08%, the dielectric constant increases rapidly, thus, a fair value for dielectric constant is 2.34 at the temperature of 40℃. The viscosity of the hydraulic oil decreases first and then increases with the increase of the water content, as show in Fig.3b . The emulsification of water will distinctly increase the oil viscosity. The minimum allow able value of viscosity ascertained is 37.69 mm2/sat 40 ℃. The water content has little effect on the density of hydraulic oil, as shown in Fig.3c . The lower and upper limits of density at 40℃ are 0.856g/m3 and 0.862g/m3respectively. Acid value is an important parameter to check the deterioration of oil. The oil oxidation will produce H¯, RCOO¯ ions, which will cause both increases of acid value and dielectric constant in oil. The dielectric constant gradually increases with the increasing of acid value, as shown in Fig.4a . The Fig. 4b show that the oil viscosity is normally increase with increasing of acid value. Finally, according to the oil acid value standard, he thre shold values at 40℃ are ascertained 0.4mg(KOH)/g for acid value, 2.259 for the dielectric constant, and 48.89 mm 2 /s for viscosity in the hydraulic oil.
Conclusions
By means of the experimental analysis, the relationship between the three physicochemical indexes of hydraulic oil and temperature was obtained, which can be applied to oil on-line monitoring.
The dielectric constant of hydraulic oil is consistent with the change of water content, and acid value. The viscosity can reflect the change of water content and acid value. Besides, the density is influenced by water content. Taking into account the effects of water and acid on oil, the thresholds of HM46 antiwear hydraulic oil at 40 ℃ are obtained, the upper limit of the dielectric constant is 2.34, the minimum and maximum critical value of kinematic viscosity is 37.69mm 2 /s and 48.89, then the lower and upper limits of density are 0.856 g/m 3 and0.862 g/m 3 respectively. This paper is fully prepared for on-line monitoring of multi-information fusion technology for hydraulic oil and fault diagnosis of hydraulic system.
